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ABSTRACT 
 
Gebeng is an industrial estate that contained multifarious industries, which generate 
industrial effluents and consequently pollute the adjacent river water as well as surface 
water quality of the area. With the objectives to assess the water quality of the area with 
spatial and temporal variations, to classify the water based on water quality index, to 
assess the heavy metal contamination of soil due to the industrial pollution and to 
perform a water quality model to simulate the water quality parameters of Tunggak 
River, this study has been conducted. To fulfil the objectives, water and soil samples 
were collected and analysed. Water samples were collected for a period of one year 
from February 2012 to January 2013 from ten preselected sampling stations, and soil 
samples were collected from thirty sampling points according to the standard method of 
sample collection. Twenty-four water quality parameters including ten heavy metals and 
heavy metals in soil samples were analysed. The water quality model was calibrated and 
validated with the collected data. All testing and analyses were done in accordance with 
the standard method procedures. Data analysis was conducted using SPSS 16.0 
statistical software. The results of water quality analyses showed that the concentrations 
of DO observed were very low (less than 4.0 mg/L) over the whole area, accordingly 
BOD (6.8 – 27.1 mg/L) and COD (14.0- 59.6 mg/L) were observed very high. 
Ammoniacal nitrogen and phosphorus were also recorded in higher concentrations. 
Compared to all areas the water qualities at the industrial zone were more deteriorated. 
According to the INWQS Malaysia recommended threshold levels, fifteen parameters 
were found to be beyond this level. The results from the calculation of the DOE-WQI 
revealed that the water of the Tunggak River was under class III and class IV and the 
swampy area was class III. According to the INWQS Malaysia, class IV water cannot 
be used for any purpose except irrigation. Soil heavy metal contamination investigation 
showed that five heavy metals were found contaminating the area that led to soil 
pollution. Soils of the industrial zone were polluted with arsenic, mercury, lead, cobalt 
and zinc. Arsenic and mercury contamination was observed all over the study area. 
Source apportionment study revealed that the major sources of pollution in both cases of 
water and soil were due to anthropogenic activities. The sources of physicochemical 
parameters were primarily of the industrial effluents associated with domestic 
wastewater, and agricultural and urban runoffs. Some parameters with heavy metals 
contamination were due to natural sources. The water quality model calibration and 
validation result showed that the model has represented the field data quite well. RMSE 
showed good match between the observed and simulated data. The model suggested that 
the lower concentration of DO could not be revived without taking proper management, 
including water quality control strategy. Several water quality control strategies were 
tested with the model to propose the best one for use to revive the water quality of the 
Tunggak River. It is proposed that the pollution load modification with 20.0 mg/L BOD 
+ flow augmentation and imposing three weirs in critical locations- strategy would be 
able to control the minimum level of DO and maximum level of nitrogen and 
phosphorus of the Tunggak River. At the same time, it also recommended that the 
industries should be compelled to adhere strictly the Environmental Quality (Industrial 
Effluent) Regulations 2009, Malaysia before discharging BOD more than 20.0 mg/L 
and 6.0 kg/day into the Tunggak River. 
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ABSTRAK 
 
Gebeng adalah estet perindustrian yang terdiri daripada pelbagai jenis industri, yang 
menjana bahan buangan industri dan seterusnya mencemarkan air sungai yang 
berdekatan dan juga kualiti permukaan air di kawasan ini. Kajian ini telah dijalankan 
dengan objektif untuk menilai kualiti air kawasan tersebut secara spatial dan temporal, 
mengklasifikasikan air berdasarkan Indeks Kualiti Air, menilai pencemaran logam berat 
terhadap tanah akibat pencemaran perindustrian dan untuk melaksanakan model kualiti 
air untuk mensimulasikan parameter kualiti air Sungai Tunggak. Untuk memenuhi 
objektif , sampel air dan tanah telah dikumpulkan dan dianalisis. Sampel air telah 
diambil untuk tempoh satu tahun dari Februari 2012 hingga Januari 2013 daripada 
sepuluh stesen persampelan yang diprapilih , dan sampel tanah telah diambil dari tiga 
puluh titik persampelan mengikut kaedah perkumpulan sampel yang berpiawai. 
Sebanyak dua puluh empat parameter kualiti air termasuk sepuluh logam berat dan 
logam berat dalam sampel tanah telah dianalisis. Model kualiti air telah ditentukur dan 
disahkan dengan data yang dikumpul . Semua ujian dan analisis telah dilakukan 
mengikut prosedur kaedah berpiawai. Analisis data dijalankan dengan menggunakan 
perisian statistik SPSS 16.0. Keputusan analisis air yang berkualiti menunjukkan 
bahawa kepekatan DO diperhatikan sangat rendah ( kurang daripada 4.0 mg / L) di 
seluruh kawasan tersebut, seterusnya nilai BOD ( 6.8-27.1 mg / L) dan COD ( 14.0-59.6 
mg / L ) diperhatikan sangat tinggi. Nitrogen ammoniacal dan fosforus juga dicatatkan 
berkepekatan lebih tinggi. Berbanding dengan semua kawasan, kualiti air di zon 
perindustrian adalah yang paling merosot. Menurut INWQS piawaian Interim Kualiti 
Air Kebangsaan, lima belas parameter didapati melebihi peringkat kepiawaian tersebut. 
Hasil daripada pengiraan DOE- WQI mendedahkan bahawa air Sungai Tunggak adalah 
di bawah kelas III dan kelas IV dan kawasan paya ialah kelas III. Menurut INWQS 
Malaysia, air kelas IV tidak boleh digunakan untuk sebarang tujuan kecuali pengairan. 
Penyiasatan tanah pencemaran logam berat menunjukkan bahawa lima logam berat 
didapati mencemarkan kawasan yang membawa kepada pencemaran tanah. Tanah zon 
perindustrian telah tercemar dengan arsenik , merkuri, plumbum , kobalt dan zink. 
Pencemaran arsenik dan merkuri dikenalpasti di seluruh kawasan kajian. Kajian sumber 
pembahagian mendedahkan bahawa sumber utama pencemaran di kedua-dua kes air dan 
tanah adalah disebabkan oleh aktiviti antropogenik. Sumber-sumber parameter 
fizikokimia adalah terutamanya daripada bahan buangan industri yang berkaitan dengan 
air sisa domestik, dan air larian pertanian dan bandar. Beberapa parameter pencemaran 
logam berat adalah disebabkan oleh sumber semula jadi. Model penentukuran kualiti air 
dan pengesahan hasil menunjukkan bahawa model telah mewakili data lapangan dengan 
baik. RMSE menunjukkan perlawanan yang baik antara data yang diperhatikan dan 
simulasi. Model ini mencadangkan bahawa kepekatan yang lebih rendah daripada DO 
tidak boleh dipulihkan semula tanpa pengurusan yang betul, termasuk strategi kawalan 
kualiti air. Beberapa strategi kawalan kualiti air telah diuji dengan model untuk 
mencadangkan teknik yang terbaik untuk digunakan bagi memulihkan kualiti air Sungai 
Tunggak . Adalah dicadangkan bahawa pengubahsuaian beban pencemaran dengan 20.0 
mg / L BOD + pembesaran aliran dan mengenakan tiga empang dasar dalam kritikal 
lokasi strategi akan dapat mengawal tahap minimum DO dan tahap maksimum nitrogen 
dan fosforus di Sungai Tunggak . Pada masa yang sama, ia juga dicadangkan bahawa 
industri perlu mematuhi sepenuhnya Peraturan-Peraturan Kualiti Alam Sekeliling 
( Efluen Perindustrian) 2009, Malaysia sebelum dilepaskan BOD melebihi 20.0 mg / L 
dan 6.0 kg / hari ke dalam Sungai Tunggak. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 INTRODUCTION  
 
Water is the most delicate part of the environment, which is essential for all 
living beings, and a crucial portion of any industrial, agricultural, or other development. 
It is expected to be the main issue in the 21st century as this vital resource becomes 
increasingly polluted and scarce. In the worse scenario, countries are expected to go to 
war over water (Burke et al., 2009; Watkins and Berntell, 2006).  Among all water 
sources, surface water is the major source that represents 97 percent of the total 
available water (FAO, 2012). The demand is due to the population growth, urbanization 
and rapid development in commercial and industrial sectors. In the last few decades the 
demand of fresh water rises tremendously due to increasing population and rapid 
industrialization (Yisa and Jimoh, 2010). At the same time the pace of fresh water 
deterioration by anthropogenic activities is coupled with the ever-growing demands on 
water resources (Charkhabi and Sakizadeh, 2006). Because of its indispensability, 
surface water pollution is a major concern all over the world. Several natural and 
anthropogenic factors govern the surface water chemistry or total hydrochemistry 
(Ahearn et al., 2005; Bahar et al., 2008) which come from two types of sources namely, 
point and non-point sources of pollution. Point sources include sewage treatment plants, 
Agro-based, manufacturing and other industries and animal farms whereas, the non-
point sources are the diffused sources such as agricultural activities and surface runoff 
(Li et al. 2009; Ling, 2010). Untreated wastes from old houses, old hotels, small towns 
and farms (both animals and crops) are also threatening to further pollute our waters. 
Rivers which are the main reservoir of surface water, serves as the recipients of 
excessive amount of wastes generated and discharged from anthropogenic activities all 
over the world (Milovanovic, 2007). Due to the addition of effluents from industries,
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municipalities, agricultural farms and homesteads containing heavy metals, organic and 
inorganic pollutant into the river, the quality of water deteriorates terribly. The natural 
and anthropogenic metal contamination in aquatic ecosystem leads to the need of 
characterising their impact on the environment (Tercier-Waeber and Taillefert, 2008).  
 
Malaysia is blessed with a bounty of natural water resources that contributes 
significantly to the socioeconomic development of the country (Moorthy and Jeyabalan, 
2012). Though the country seems to have no shortage of water, it had faced two big 
water crises in 1991 at Melaka and in 1998 at Kuala Lumpur and Selangor (Hashim et 
al., 2010). However, the situation is not constant; it is shifting every day due to 
uncontrolled loggings and deforestations that result in the reduction of water catchment 
and increasing pollution. It is further worsened by the rapid industrialisation, 
urbanisation and population growth (Hashim et al. 2010; Hossain et al. 2012). River 
catchments, the major source of the water are polluted continuously due to 
anthropogenic activities especially industrial effluents. Department of Environment in 
their Environmental Quality Report showed that in 2009, 46% of rivers were polluted 
and in 2010 recorded 50%, a value higher than the previous couple of years (DOE, 
2009; DOE, 2010). 
 
Malaysia is fast becoming an industrial country and a proud member of Newly 
Industrialized Country (NIC) of the world (Norzatulakma, 2010). It has a number of 
industrial estates all over the country, including the Gebeng Industrial Estate (GIE), one 
of the main industrial areas in Kuantan, Pahang. GIE is located near Kuantan Port. The 
major industries of the area include petrochemical, chemical, food, manufacturing and 
other multifarious industries. Due to the discharge of industrial effluents and wastewater 
generated by those industries, the water resources of the area are being polluted. 
Untreated or partially treated wastewater of the industries containing high 
concentrations of conventional and non-conventional pollutants are merging with the 
river water thus deteriorating the water body. Two rivers Tunggak and Balok are 
carrying the wastes from GIE, of which Tunggak flows through the middle and eastern 
catchment covering maximum part of the GIE (Hossain et al., 2012; Nasly et al., 2013;  
Sujaul et al., 2013). The water environment of the area is becoming more vulnerable 
due to the new establishment of some mining and rare earth plants (Bell, 2012). In spite 
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of its importance, the water qualities of Gebeng area including Tunggak River have 
never been studied and no report of environmental degradation is available except for a 
few environmental impact assessments (EIA) conducted by several industrial 
companies. Therefore, for better management, water quality assessment including water 
quality modelling would be the most important tool to the water agencies, stakeholders 
and policy makers.   
 
1.2 PROBLEM STATEMENT 
 
Water quality deterioration is one of the major concerns of the world. Rapid 
industrial and commercial developments are causing tremendous pressure on the water 
resources. According to records of DOE in 2008, 17,633 water pollution point sources 
in Malaysia comprised of 54.01% from sewage treatment plants (inclusive of 668 
Network Pump Stations), 38.73% from manufacturing industries, 4.48% from animal 
farms and 2.78% from agro-based industries (DOE, 2009). This data showed that almost 
all of the point sources are due to the development of industry. Speedy developments in 
the industrial sector at Gebeng threaten the water quality of its two rivers and 
deteriorating the environmental conditions of the areas. The random discharge of 
wastewater and effluents from industries, sewerage treatment plants along the river 
catchments are impairing the water quality (Sujaul et al., 2013).  
 
The Gebeng area is situated in the neck of the South China Sea, and the adjacent 
two river flows fall to the sea. The typical tides of the sea cause intrusion of seawater 
into these two rivers and the water levels usually rise from 0.5 m to 2.5 m and it is likely 
to be tidal up to 10 km upstream (Sujaul et al. 2013: CAP-SAM 2011). As a result the 
industrial effluents that are dumped from the industrial estate can go upward and cause 
environmental pollution all over the area. Environmental degradation has started here 
since the inception of the industrialisation in early 1970’s; when the deforestation and 
reclaiming was started using fill, quarried from the nearby hilly areas (CAP-SAM, 
2011).  Due to deforestation and reclamation, the soil of the area has also been 
contaminated. The process of contamination has been accelerated with the discharge of 
industrial effluents.  Moreover, contamination of soil is a common problem in the 
surrounding area of any industrial estate like Gebeng (Krishna and Govil, 2007; 
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Shukurov et al., 2006). The water pollution and contaminated soil can hamper the 
regular livelihood of the residential area. By using the polluted water may create 
variuous water born disease and other disasters. Therefore, it is essential to asses the 
water quality, find out the sources of pollution and the water quality trend that can 
generate important information for the authority concerned or policy makers to take 
proper action for better management.  
 
1.3 SIGNIFICANCE OF THE STUDY 
 
Rapid development in industrial sector in Malaysia has caused serious 
environmental problems including water pollution in the country. The Gebeng industrial 
area is one of the largest industrial estates in Malaysia. Wastewater from this estate is 
usually pumped out into two rivers, namely Sungai Tunggak and Sungai Balok. Water 
quality is seriously deteriorated here. Despite the declining process, any in-depth study 
on industrial pollution at Gebeng as well as in east-coast of peninsular Malaysia was 
never been done; neither the study of water quality nor on the soil contamination. Prior 
to this study, a very limited effort and information have been produced regarding 
treatment of the wastewater of the area. At present the department of environment 
(DOE) is monitoring the Tunggak river water in the downstream region (DOE, 2009). 
Those efforts have produced some information but could not indicate the real scenario.    
 
This study gives emphasis on the present status of industrial pollution especially 
the river water quality of Sungai Tunggak and contamination of the soil of the 
catchment area using several methods of water quality assessment. On the basis of the 
result of the research work river water of Sungai Tunggak is classified according to 
Interim National Water Quality Standard (INWQS), Malaysia (DOE, 2008). It also 
proposed a modified water quality index for the calculation of water quality index and 
classification of Tunggak River water. The water quality model used in this research 
suggested one strategy to control the water quality of Tunggak River. The findings of 
the study will help to adopt adequate measures by the policy makers as well as the 
environmentalists to prevent further deterioration of the water quality and improve the 
land use pattern in the Gebeng Industrial Areas. The result of this study can be used as 
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baseline information on river water quality of Sungai Tunggak and can also be used as 
reference for further research.  
 
The major contribution of the research is to propose the strategy to control and 
revive the water quality of the Tunggak river by performing QUAL2Kw water quality 
model and propose a new approach of determining the water quality index by adopting 
an existing water quality index through combining the DOE-WQI and Canadian 
Council of Ministers water quality index (CCMEWQI) after comparing the advantages 
and limitations of several water quality indices of the world. 
 
1.4 OBJECTIVES OF THE STUDY 
 
The critical situation of the environment in the study area demands a detailed and 
inclusive study that can provide conclusive information about the environment, water 
resources and soil contamination in Gebeng.  Apprehending the problems, the following 
objectives are fixed out: 
I. To evaluate the spatial and temporal variation of surface water quality in 
Gebeng industrial areas 
II. To classify the river water by assessing the Department of Environment-
Water Quality Index (DOE-WQI) and adopt an existing water quality index 
for Tunggak river by comparing several water quality indices of the world 
III. To determine the contamination level of heavy metals in soils in and around 
the industrial areas 
IV. To model for the prediction of river water quality trends of Tunggak River 
using QUAL2Kw river and stream water quality modelling software and 
investigate a water quality control strategy to control the water pollution of 
Tunggak River  
 
1.5 SCOPE OF THE STUDY 
 
In this study, the tests and experiments will be held in the field level for in-situ 
data and in the Environmental Laboratory, and Central Laboratory of Universiti 
Malalysia Pahang. The water and soil samples are collected from the study area and 
those will be analysed to collect the water quality data. Physicochemical parameters are 
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analysed in Environmental laboratory and heavy metals are determined in the Central 
laboratory. The collected and measured data will be analysed using statistical softwaere 
to fulfil the abovementioned objectives. The study will create a database of water 
quality and soil of the study area, it will identify the correlation among the physical and 
chemical parameters responsible for pollution, pollution sources and the relation 
between river water flow and water quality/pollution to fulfil the objectives. 
 
1.6 ORGANIZATION OF THE THESIS 
 
The thesis comprises eight (8) chapters. Chapter 1 is Introduction that includes 
objectives, problem statements and the significance of the research. Chapter 2 describes 
the literature review on water quality studies, water quality index, soil contamination 
and water quality modelling. Third chapter focuses on the materials and methods of 
execution of this thesis that include a description of the study area, selection of 
monitoring stations, parameters measured, sampling frequency, sampling methodology, 
analysis methods, statistical analysis, water quality index and water quality modelling.  
 
Chapters 4 to 7 present the results and discussion.  Chapter 4 highlights on water 
quality assessment and statistical analysis, while Chapter 5 presents the water quality 
index and river water classification. Chapter 6 describes the soil contamination, Chapter 
7 focuses on water quality modelling, and the final chapter provides an overall 
conclusion of the study and recommendations.  
 
  
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION  
 
Water is a crucial part of the environment that is common in nature and essential 
for all forms of lives. No life can survive without water. It plays an important role in the 
human body system by dissolving and transporting essential ingredients for our 
lifecycle. Although, the earth is like a water planet, fresh water that is essential for the 
environment as well as all living beings is becoming scarce. This scarce resource is 
under tremendous threat of pollution, as water quality degradation is now a universal 
problem partly due to uncontrolled natural and anthropogenic activities. Thus, water 
quality degradation has now become a major concern all over the world. 
 
Although more than 72% of the earth is covered by water (Beard, 2013; Rao, 
2004), the available water is only about 2%, a rather small amount. The major source of 
available water is the surface water that comes mostly from the river basins.  River 
plays a vital role in the surrounding environment of any locality exclusively for the 
hydrology and natural balance. It protects the aquatic community from several 
environmental problems and provides energy and nutrients (Losco et al., 2012).  It also 
provides a wide range of services to the society by giving facilities of transportation and 
several terms of usages like water supply for drinking and irrigation, industrial uses, and 
recreational and spiritual activities  (Losco et al., 2012).  Moreover, rivers contribute 
substantially to industrial, agricultural and economic development along with potable 
water supply and provide opportunities for recreation and aesthetic. Besides the water 
pollution, soil contamination is one of the most important events for environmental 
degradation. Contaminated soil also contributes to the water quality degradation. In 
most cases, plant uptake the metals from the soil and thus they are accessing into human   
